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ABSTRACT 

The most primitive living balanomorphan barnacle, Eochionelasmus ohtai 
Yamaguchi, 1990 was described from abyssal hydrothermal vents in the 
North Fiji Basin, West Pacific (Yamaguchi & Newman 1990). Since then, 
Eochionelasmus ohtai has been discovered at two other hydrothermal sites; 
one at the Lau Basin (west of the Tonga Islands; Desbruyeres et al. 1994) 
and the other from the Manus Basin (north of Papua New Guinea; Tufar 
1990, Galkin 1992a, b). These are back-arc basins, separated from the North 
Fiji Basin by approximately 1200 km east and 3000 km north-west, respecti¬ 
vely. Back-arc basins are, unlike mid-oceanic ridges, discreet unities uncon¬ 
nected with each other. Despite this, the three populations of Eochionelasmus 
differ little in external appearance, except for some small but distinct diffe¬ 
rence in the ontogenetic development of the imbricating plates in the Manus 
population. Therefore, while it has been concluded that the North Fiji and 
Lau Basins populations represent the same form, K ohtai ohtai, a new sub¬ 
species, E. ohtai manusensis, is being proposed for the Manus population. 
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RfiSUMfi 

Le cirripede balanomorphe vivant le plus primitif, Eochionelasmus ohtai ohtai 
Yamaguchi, 1990, a ete decrit de sources hydrothermales du bassin nord des 
Fiji, Pacifique occidental (Yamaguchi & Newman 1990). Depuis, 
Eochionelasmus ohtai a ete trouve dans deux autres sites hydrothermaux ; l’un 
dans le bassin de Lau (ouest des ties Tonga, Desbruyeres et al. 1994) et 
l’autre dans le bassin de Manus (nord de la Papouasie-Nouvelle Guinde ; 
Tufar 1990, Galkin 1992a, b). Ce sont des bassins en forme d are, distants 
du bassin nord des Fiji d’environ 1200 km a Test et 3000 km au nord-est, 
respectivement. Ces bassins, contrairement aux rides niedio-oceaniques, sont 
des unites de petite taille sans connection entre elles ; malgre cela, les trois 
populations A’Eochionelasmus different peu dans leur aspect exterieur, mais 
de petites differences ont ete observees dans le developpement ontogenique 
des plaques dans la population de Manus. En consequence, tandis que Ton 
considere que les populations des bassins nord des Fiji et de Lau representent 
la meme forme E. ohtai ohtai, une nouvelle sous-espece, E. ohtai manusensis 
est proposee pour la population de Manus. 


INTRODUCTION 

Eochionelasmus ohtai Yamaguchi, 1990 was dis¬ 
covered associated with an abyssal hydrothermal 
vent at 1990 m depth in the North Fiji Basin, 
South-West Pacific (Yamaguchi & Newman 
1990). It is distinguished from its only close rela¬ 
tive, Chionelasmus darwini (Pilsbry, 1907), an 
Indo-West Pacific bathyal species, in having mul¬ 
tiple whorls of unspecialized basal imbricating 
plates, which is a generalized or primitive mor¬ 
phological character. Therefore it was evaluated 
as the most primitive living member of the 
suborder Balanomorpha. 

The other known vent barnacles, the lepado- 
morphs Neolepas zevinae and N. rapanuii , the 
verrucomorph Neoverruca brachylepadoformis, 
and the brachylepadomorph Neobrachylepas reli- 
ca (Newman 1979; Jones 1993; Newman &c 
Hessler 1989; Newman & Yamaguchi 1995; res¬ 
pectively) not only also represent the most primi¬ 
tive living members of their respective suborders, 
but N. relica represents the only known living 
species of the brachylepadomorpha. These and 
other vent barnacles (unpublished data) are large¬ 
ly endemic to Indo-West Pacific vents, especially 
those of the South-West Pacific, and members of 
all four suborders are known from the Lau Basin, 
Tonga (Newman & Yamaguchi 1995). 


Knowledge of the organization and ontogeny of 
the shell wall in Eochionelasmus has profoundly 
altered our understanding of the evolution of 
balanomorph barnacles, and the hypothesis of 
Yamaguchi & Newman (1990), that the 6-plated 
wall was more primitive than the 8-plated wall, 
has had a significant impact on our understand¬ 
ing of the relationship of the primitive balano- 
morphs (Buckeridge & Newman 1992; Newman 
1993; Buckeridge 1995; Newman 1996; Ross & 
Newman 1996). 

Detailed knowledge of the arrangement of the 
wall plates in thoracican cirripeds began with 
Darwin (1851, 1854), and he developed a 
nomenclature so that the plates and their arrange¬ 
ments in different forms could be accurately des¬ 
cribed and compared ( cf. Newman 1996). He 
also made observations on the ontogeny of the 
balanomorph wall, and further details were eluci¬ 
dated by subsequent investigators such as 
Runnstrom (1925) and Costlow (1956). 

Darwin also studied the arrangement of the basal 
plates forming the imbricating whorls that sur¬ 
round the wall plates in the intertidal and shal¬ 
low water species of Catophragmus s.l., the only 
sessile barnacles known at the time to have them. 
Since then five other extant genera of sessile bar¬ 
nacles having basal whorls of imbricating plates 
have been discovered: Chionelasmus Pilsbry, 1911 
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( cf. Newman 1987); Waikalasma Buckeridge, 
1983 ( cf. Buckeridge & Newman 1992; 
Buckeridge 1996); Neoverruca Newman, 1989 
(cf. Newman & Hessler 1989); Eochionelasmus 
Yamaguchi, 1990 (cf Yamaguchi & Newman 
1990; Yamaguchi & Newman 1997); and 
Neobrachylepas Newman et Yamaguchi, 1995 (cf 
Woodward 1901; Newman 1987). Of these, all 
but Chionelasmus and Waikalasma are from 
hydrothermal vents and only in Neoverruca has 
the ontogeny of the imbricating plates been stu¬ 
died in detail (Newman 1989). While this shed 
light on the organization of the imbricating 
whorls in the early verrucomorphs, and by infe¬ 
rence in the more primitive brachylepado- 
morphs, its relevance to the origin and hence the 
ontogeny of the basal imbricating whorls in bala- 
nomorphs is not yet known. 

As for the balanomorphs themselves, there have 
been studies reconstructing the ontogeny of the 
basal imbricating whorls from adult morphology 
in Catophragmus and Chionelasmus (Newman 


1987), and the nomenclature developed to des¬ 
cribe the patterns has been emended (Yamaguchi 
in prep.). But none has actually been based on a 
complete ontogeny sequence, from the earliest 
post-metamorphic juvenile to the fully developed 
adult, much less have any been detailed enough 
to elucidate ontogenetic variation within and 
between populations. Such studies would be rela¬ 
tively easy to carry out with an intertidal form 
such as Catomerus in Australia, but they will 
always be difficult when it comes to deep-sea 
forms because of their inaccessibility. Therefore, 
since it does not seem likely appropriate collect¬ 
ing in the deep sea will be carried out in the 
foreseeable future, the present study was underta¬ 
ken on the limited material available to date. 

The present study involves a detailed analysis of 
the ontogeny of the basal whorls of imbricating 
plates in Eochionelasmus ohtai. Seventeen speci¬ 
mens from hydrothermal vents of the North Fiji 
Basin (NFB), ranging from very young to com¬ 
pletely mature were used to infer a “generalized” 


140°E 160°E 180'E 190°E 



Fio. 1. — Locations of hydrothermal vents where Eochionelasmus ohtai was taken: North Fiji (A, White Lady), Lau (B, Hine Hina; 
C, Vailili) and Manus (D) Basins. 
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ontogenetic pattern up through the first four 
whorls of imbricating plates. This pattern was 
then compared to that found in eight early onto¬ 
genetic stages from Lau and eight from the 
Manus Basin. The results are significant because, 
while no important differences were found bet¬ 
ween the North Fiji and Lau populations, small 


but distinct differences distinguish these two 
populations from the Manus population. There¬ 
fore the Manus population has been proposed as 
distinct at the subspecific level, E. o. manusensis. 
The results of this ontogenetic study have not 
only been useful in fleshing out our knowledge 
for the balanomorphs in general, but in recogni- 


Table 1. — North Fiji (NFB), Lau and Manus Basin specimens examined. R-C, rostrum-carina diameter; CL, carinolateral diameter 
(values in mm). 


Eochionelasmus ohtai ohtai Yamaguchi, 1990 (Yamaguchi & Newman 1990) 


No. 

R-C 

CL 

Condition 

Depository 

NFB-A 

14.3 

12.7 

Dissected 

UMUT-RA18631 
(Yamaguchi & Newman 1990) 

NFB-B 

9.5 

8.1 

id. 

UMUT-RA18632 

(id.) 

NFB-C 

19.5 

16.0 

id. 

UMUT-RA18633 

(id.) 

NFB-1 

2.4 

2.0 

id. 

NSMT-Crl 1945 

NFB-2 

2.6+ 

1.9+ 

Not dissec. 

MNHN-Ci2495 

NFB-3 

3.9 

2.3 

id. 

USNM-282771 

NFB-4 

4.7 

4.2 

Dissected 

NSMT-Crl 1946 

NFB-5 

5.8 

5.0 

Not dissec. 

MNHN-Ci2496 

NFB-6 

7.4 

6.4 

Dissected 

USNM-282770 

NFB-7 

10.2 

10.0 

Not dissec. 

NSMT-Crl 1947 

NFB-8 

10.4 

10.0 

id. 

MNHN-Ci2497 

NFB-9 

12.1 + 

8.2 

Dissected 

USNM-282769 

NFB-10 

14.2 

11.9 

Not dissec. 

NSMT-Crl 1948 

NFB-11 

14.3 

13.3 

id. 

NSMT-Crl 1949 

NFB-12 

15.5 

6.7 

id. 

MNHN-Ci2498 

NFB-13 

16.7 

14.7 

id. 

USNM-282768 

NFB-14 

20.4 

13.7 

id. 

MNHN-Ci2499 

LAU-1 

4.0 

3.7 

Dissected 

NSMT-Crl 1950 

LAU-2 

9.6 

7.6 

id. 

MNHN-Ci2500 

LAU-3 

13.1 

10.5 

id. 

USNM-282767 

LAU-4 

14.1 

13.6 

Not dissec. 

NSMT-Crl 1951 

LAU-5 

17.0 

16.7 

Dissected 

MNHN-Ci2501 

LAU-6 

25.8+ 

27.2 

id. 

USNM-282766 

LAU-7 

26.1 

17.9+ 

id. 

NSMT-Crl 1952 

LAU-8 

29.0 

20.5 

id. 

MNHN-Ci2502 


Eochionelasmus ohtai manusensis n.ssp. 

No. 

R-C 

CL 


Condition 

Depository 

MANUS-1 

2.0 

1.7 


Dissected 

NSMT-Crl 1953 6th paratype 

MANUS-2 

3.8 

3.1 


Not dissec. 


MANUS-3 

3.7 

3.6 


Dissected 

USNM-282765 5th paratype 

MANUS-4 

4.8 

4.0 


id. 

ZMMSU-Mg-1138 4th paratype 

MANUS-5 

7.4 

6.2 


id. 

NSMT-Crl 1954 holotype 

MANUS-6 

23.2 

25.0 


id. 

ZMMSU-Mg-1137 1st paratype 

MANUS-7 

23.5 

25.0 


id. 

USNM-282764 2nd paratype 

MANUS-8 

30.1 

23.8 


id. 

NSMT-Crl 1955 3rd paratype 
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zing genetic distance or divergence at the sub¬ 
species level. Furthermore, a generalized ontoge¬ 
ny of Eochionelasmus, based on the Lau 
population, has proved useful in demonstrating 
that a few immature specimens of Eochionelasmus 
collected from a vent near Easter Island in the 
South-east Pacific represent a distinct species 
(Yamaguchi 8c Newman 1997). 

Expeditions that collected the material 
The Japanese-French Cruise Kaiyo 87 (E. Flonza 
& J.-M. Auzende co-chief scientists), 1987, 
North Fiji Basin; site B of station 4 (White Lady 
site), 16°59.4’S, 173°54.9’E, 1990 m in depth; 
type-locality of Eochionelasmus ohtai (Yamaguchi 
& Newman 1990; Fig. 1A). 

The French submersible Nautile BIOLAU Cruise 
(A.-M. Alayse-Danet chief scientist), 1989, the 
Lau Basin, BL 02, 03 & 05 of station 1 (Hine 
Hina) (22°32’S, 176°43’W), around 1900 m in 
depth (Fig. IB) and BL 12 of station 2 (Vailili) 
(23°13’S, 176°37’W), 1764-1707 m in depth 
(Fig. 1C) (Desbruyeres et al. 1994; Newman & 
Yamaguchi 1995). 

The French submersible Nautile STARMER II 
Cruise (D. Desbruyeres & S. Ohta co-chief 
scientists), 1989, the North Fiji Basin; White 
Lady site (Desbruyeres et al. 1994; Fig. 1A). 

The German R/V Sonne OLGA II Research 
Cruise, 1990, Manus Back-Arc Basin (Bismarck 
Sea, Papua New Guinea); present observations 
based on the photographs (Tufar 1990, figs 10, 
11a, b, 12a-e) of barnacles from the hydrother¬ 
mal field (3°9.85’-3°9.88’S, 150°16.78’- 
150°16.80’E, 2489-2500 m in depth; Fig. ID). 
The Russian R/V Akademic Mstislav Keldysh 21st 
Research Cruise with submersible Mir-2, 1990, 
Manus Back-Arc Basin, station 2255 (3°10’S, 
150°17’E; Fig. ID), about 2500 m in depth, 
coll. S. V. Galkin (Galkin 1992a, b). 


Material examined 

Specimens examined have been deposited in the 
Museum national d’Histoire naturelle, Paris 
(MNHN); National Science Museum, Tokyo 
(NSMT); United States National Museum of 
Natural History, Washington, DC. (USNM); 


Zoological Museum of Moscow State University 
(ZMMSU) (see Table 1). 


SUPPLEMENTARY DESCRIPTION OF 
Eochionelasmus ohtai FROM THE NORTH FIJI 
BASIN BASED ON SPECIMENS 
COLLECTED DURING THE STARMER 
CRUISES 

The original description of Eochionelasmus ohtai 
was based on the eight individuals collected by a 
dredge attached to the deep-tow used by the 
Japanese-French Kaiyo 87 cruise (Yamaguchi & 
Newman 1990). Subsequently, during STAR¬ 
MER II, the French submersible Nautile collec¬ 
ted a total of 551 individuals of E. ohtai from 
near the type-locality of Kaiyo Cruise. According 
to the cruise report, gastropods (5404 indivi¬ 
duals) were the most abundant of the mega¬ 
fauna. In the collection list, there were 
2109 polychaetes, 1094 copepods, 586 bivalves, 
551 barnacles, 134 macrures, 59 shrimps, 
17 crabs, etc. Therefore, vent barnacles appear to 
be an important part of the fauna in the North 
Fiji Basin abyssal hydrothermal field. Most of 
barnacles were the balanomorph, E. ohtai. 
However, there were a few specimens of a neo- 
lepadine and a neoverrucid, and each represents 
at least a new species. 

While 551 specimens of E. ohtai were collected, 
only 237 undamaged specimens were suitable for 
this study. These ranged from one cyprid larva 
attached to glassy basalt to many adults of which 
but one was brooding eggs. 

Shells of Eochionelasmus FROM THE NORTH 
Fiji Basin 

The shell is as high as wide, and the orifice is 
rather large and rhomboidal. The shell includes 
the scuta (S) and terga (T) forming the opercu¬ 
lum (S-T), and the rostrum (R), rostrolatera 
(RL), carinolatera (CL), and carina (C) forming 
the primary wall (R-RL-CL-C). The carina 
stands at approximately right angles to the base, 
while the rostrum slopes obliquely toward the 
orifice. The number of whorls of monomorphic 
basal imbricating plates found around the prima¬ 
ry wall range from zero to eight, depending on 
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the ontogenetic stage, the same maximum num¬ 
ber as in the original description of E. ohtai. 
However, in the present study it became evident 
that while there is no variation in the arrange¬ 


ment of the basal imbricating plates up to the 
second whorl, there is variation in the following 
whorls. Some of this variation is depicted in the 
holotype (NFB-A, Yamaguchi & Newman 1990, 



Eochionelasmus ohtai ohtai - Type (NFB-A) 



Generalized Eochionelasmus ohtai 


c 

1 

2 

3 

4 

D 


1 

2 
3 



Chionelasmus 



Catophragmus 


3 
6 

4 
2 


4 

8 

12 


Fig. 2. — Arrangement of the plates in the wall and first four whorls of imbricating plates in A, holotype E. ohtai ohtai, in B, generali¬ 
zed, in C, Chionelasmus darwini, and in D, Catophragmus s.l. (see text for explanation). 
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figs 4, 5; cf. Figs 2A, B, 3). The anomalies in¬ 
clude the appearance of sr in the third rather 
than in the fourth whorl which otherwise 
remains the same, the reduction of the r 3 plates 
from 6 to 4 and of the c 3 plates from 6 to 5 on 
each side. These differences are important to 
recognize because a frame of reference is needed 
when it comes to comparing different popula¬ 
tions, as is the case in the present study. 
Therefore the most common or “generalized” 
NFB pattern was determined (Figs 2B, 3). 

It is important to note that the generalized or 
basic pattern in Eochionelasmus is similar to that 
in Chionelasmus (Newman 1987, fig. 5A; see 


Fig. 2B herein for nomenclatural adjustments 
reflecting present knowledge). A similarity is 
expected because the latter has evidently been 
derived from the former (Yamaguchi & Newman 
1990). From a superficial inspection of 
Chionelasmus it was reported that there was but a 
single whorl of basal imbricating plates (Pilsbry 
1907; Nilsson-Cantell 1928; Newman et al. 
1969), but actually there are four whorls 
(Newman 1987). It will be observed (Fig. 2B, C 
herein) that, while the first two whorls include 
the same plates in both Eochionelasmus and 
Chionelasmus , not only has the number of plates 
in the third whorl been reduced in the latter, 



Fig. 3. — Eochionelasmus ohtai ohtai, plan views of the wall and first four whorls of imbricating plates for the holotype (NFB-A, 
upper) and the more common or generalized pattern encountered in additional specimens from North Fiji Basin. The three arrows 
indicate the addition plates found in the generalized form and the asterisk indicate the position of a plate that was not found. 
R, rostrum; RL, rostro-latus; CL, carino-latus; C, carina; r, imbricating plates added between R and I’; c, imbricating plates added 
between I 1 and C; sr and sc. imbricating plates added below R and C. 
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from twelve to four, but that the homologs of 
two of the four plates (sr and rl 1 ) have been 
brought up from to the fourth to the third 
whorl. Thus, not only is the number of plates in 
the third whorl in Chionelasmus reduced, but 
part of the fourth whorl has been transferred or 
condensed into it. Further reduction is seen in 
the fourth whorl in Chionelasmus, which consis¬ 
ted of seventeen or perhaps eighteen plates in 
Eochionelasmus. It now consists of but two plates, 
due to the elimination of six r*, six c* and one l 2 
on each side, as well as to the transfer of the sr 
and rl’ to the third whorl mentioned above. 

It is instructive to note that not only is the basic 
pattern similarity between Eochionelasmus and 
Chionelasmus, but also between them and Cato¬ 
phragmus s.l. (Newman 1987, fig. 5B; see 
Fig. 2D herein), including the condensation and 
some of the reduction seen in NFB-A, compared 
to the more generalized NFB pattern ( cf. Fig. 2D 
with Fig. 2A, B). Specifically, the sequential 
transfer of sr, then rl 1 , and then cl 1 and sc, from 
the fourth to the third whorl in these genera, 
reduces the number of plates protecting the basal 
margin and the sutures of RL and CL, from 
seven to six to five. It is notable that the configu¬ 
ration below RL and CL, created by this reduc¬ 
tion in Catophragmus, turns out to be identical to 
that under CL 2 , the plate infered to be a replica¬ 
tion of CL 1 in Catophragmus and higher balano- 
morphs (Yamaguchi & Newman 1990; 
Buckeridge & Newman 1992). It will be impor¬ 
tant to see how these patterns correlated in other 
primitive balanomorphs, such as the former 
Miocene fossil Waikalasma recently discovered 
living at 700-800 m depths off the New Hebrides 
(Buckeridge 1996), because they should help us 
better understanding the reduction and loss of 
the basal imbricating plates in the evolution of 
early sessile barnacles, and understanding unlikely 
to be gained from the fossil record. 

Size OF Eochionelasmus FROM THE NORTH 
Fiji Basin 

Yamaguchi & Newman (1990) had but three 
complete specimens to measure (NFB-A, B and 
C); the other five were incomplete. In these 
(Table 1), the ratios of the rostro-carinal (R-C) to 
carino-lateral (CL) basal diameters are 1.13, 1.17 



0 10 20 30 

R-C diameter (mm) 


Fig. 4. — Eochionelasmus ohtai ohtai, size distribution of R-C 
and CL diameters for 237 specimens (dots) from the North Fiji 
Basin and A, their corresponding regression line compared to 
the regression lines for the Lau (B) and Manus (C) populations. 
+, 8 specimens from the Lau Basin; x, 8 specimens from the 
Manus Basin. 


and 1.22, respectively. These were considered 
fully mature because there was one damaged spe¬ 
cimen brooding eggs (NFB-10) which was 
slightly smaller than the holotype of E. ohtai 
(NFB-A). 

The R-C and CL diameters of the 237 indivi¬ 
duals were measured (Fig. 4). The mean (x), 
standard deviation (s) and range were 7.29 mm, 
6.77 mm and 0.34-25.5 mm for the R-C diame¬ 
ters, and 6.43 mm, 6.17 mm and 0.37-22.7 mm 
for the CL diameters. The ratio between means 
of the R-C and CL diameters is 1.23 (s = ± 0.22, 
range = 0.72-2.00). The chi-square {y}) of 2.9 is 
not significant at the 10% level (Pr (% 2 >= 9.23) 
= 0.1), indicating that the 237 individuals repre¬ 
sent a random sample from a population having 
a normal distribution. The regression line is y = 
0.88 x + 0.0004 (Fig. 4) and the correlation coef¬ 
ficient (r) is 0.967. 

The ratios for the holotype and the two para- 
types (NFB-A, B and C) are nearly equal to the 
mean ratio (1.23) for the 237 individuals. 
Therefore, the ratios of the R-C and CL diame¬ 
ters do not distinguish the 237 individuals from 
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the North Fiji Basin from the three type speci¬ 
mens of E. ohtai from the same population. 

Ontogeny OF Eochionelasmus FROM THE 
North Fiji Basin 

The appearance of the wall and. the first two whorls 
of imbricating plates 

The shell is composed of the operculum (S-T), 
and the primary wall (R-CL-C) and these appear 
first during ontogeny. They are followed by RL 
and then by as many as eight basal whorls of 
imbricating plates. The basal whorls are added 
sequentially each outside the previous whorl, but 
only the first four were studied here (Figs 2A, B, 
3). The plates of the first whorl (r 1 , 1’ and c 1 ) are 
invariably found over the three pairs of sutures 
between the primary wall plates on each side, 
while the plates of the second whorl (r 2 r 2 r 2 c 2 
c 2 c 2 ) are invariably found overlapping the lateral 
margins of r 1 , l 1 and c 1 on each side. However, 
the third and fourth whorls of imbricating plates 
do not necessarily follow a consistent pattern. 

In the 237 individuals, ninety-three individuals 
are smaller than 2 mm in R-C diameter. Of 
these, twenty-eight individuals have six to seven¬ 
teen plates in addition to the four opercular 
plates. Of these, twenty-one had a 6-plated wall 
(R-RL-CL-C) but no imbricating plates, two had 
a 7-plated wall (6-plates plus a c 1 ), three had an 
8-plated wall (6-plates plus the c 1 pair), one had 
a 15-plated wall, and one had a 17-plated wall 
(Table 2). The individuals with a 6-plated wall 
are within the range of 0.58-1.10 mm R-C and 
0.37-0.89 mm CL diameters. Individuals with 7- 
and 8-plated walls are within the range of 1.03- 
1.30 mm R-C and 0.74-1.04 mm CL diameters. 
While the observed ranges in R-C and CL dia¬ 
meters for 6-, 7- or 8-plated walls overlap, the 
R-C and CL mean diameters for 6-plated walls 
are significantly different from 7- or 8-plated 
walls (student f-test). The growth from 6- to 7- 
and 8-plated walls involves the addition of c 1 
which, without exception, covers with the suture 
between the C and CL (Fig. 3). 

After the addition of c 1 , the imbricating plates 1' 
and r 1 appear over the sutures between RL-CL, 
and RL-R, respectively. Unfortunately it could 
not be determined which appeared first, I' or r 1 , 


Table 2. — North Fiji Basin (STARMER II, Dive 16, station 4): 
measurements for one cyprid and 28 juveniles (5 additional 
juveniles unmeasured) with a 6-plated wall plus 1, 2, 9 and 
11 imbricating plates; or a total of 6, 7, 8, 15 and 17-plates, res¬ 
pectively. R-C, rostrum-carina diameter; CL, carinolateral dia¬ 
meter. Statistical values for R-C and CL diameters for 6-plated 
and the 7- to 8-plated juveniles: std., standard deviation; 
var.; variance; O.R., range (values in mm). 


Specimen 

Carapace 

Length Height 

1 cyprid 

0.86 0.29 


Specimen 

No. of 


plates R-C CL 


1 

6 

0.58 

0.37 

2 

6 

0.61 

0.41 

3 

6 

0.61 

0.51 

4 

6 

0.62 

0.43 

5 

6 

0.63 

0.41 

6 

6 

0.63 

0.50 

7 

6 

0.67 

0.57 

8 

6 

0.72 

0.43 

9 

6 

0.72 

0.58 

10 

6 

0.74 

0.41 

11 

6 

0.76 

0.58 

12 

6 

0.76 

0.60 

13 

6 

0.80 

0.53 

14 

6 

0.80 

0.69 

15 

6 

0.83 

0.55 

16 

6 

0.89 

0.77 

17 

6 

0.93 

0.74 

18 

6 

0.96 

0.68 

19 

6 

0.96 

0.69 

20 

6 

0.98 

0.89 

21 

6 

1.10 

0.86 

22 

7c 

1.03 

0.74 

23 

7c 

1.06 

1.04 

24 

8 c 

1.06 

0.86 

25 

8 c 

1.22 

1.03 

26 

8 c 

1.30 

0.92 

27 

15 

1.68 

1.58 

28 

17 

1.72 

1.31 



6-plated 

mean 

std. 

var. 

O.R. 

R-C diameter 

0.78 

0.14 

0.02 

0.58-1.10 

CL diameter 

0.58 

0.15 

0.02 

0.37-0.89 


7- and 8-plated 

mean 

std. 

var. 

O.R. 

R-C diameter 

1.13 

0.11 

0.01 

1.03-1.30 

CL diameter 

0.92 

0.11 

0.01 

0.74-1.04 
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although, since l 1 is slightly larger, it may have 
been first. 

There was little information on juveniles bet¬ 
ween 9 and 15-plates but, judging from observa¬ 
tions on a 15-plated juvenile, the second whorl 
apparently begins with the appearance of c 2 over 
the suture between the l 1 and CL. If so, c plates 
generally appear before r and 1 plates. 

Addition of imbricating plates of the third and 
fourth whorls 

The first whorl of basal imbricating plates, 
consisting of a pair each of r 1 , l 1 and c 1 , is inva¬ 
riably followed by three pair each of r 2 and c 2 
plates at the six pairs of the sutures between 


R-RL-CL-C-r'-l'-c 1 . 'Phis brings us to the third 
and fourth whorls of basal imbricating plates in 
which some individual variation was encounter¬ 
ed among the fourteen individuals studied 
(Table 1: NFB-1 to 14; Figs 5, 6). As we shall 
see, the variation can be greater between than 
within populations and, therefore, it apparently 
has a geographical as well as a random basis. 

In holotype (NFB-A) (Yamaguchi & Newman 
1990, fig. 4), imbricating plate sr 1 appeared in 
the third whorl. However, as we shall see, sr 
occurs more frequently in the fourth whorl along 
with rl 1 , l 2 , cl 1 and sc (Fig. 6). Therefore this and 
other variations need to be addressed now. 

Of the fourteen specimens from NFB (Fig. 6), 



Fig. 5. — Eochionelasmus ohtai ohtai from the North Fiji Basin: A. NFB-1: B, NFB-4; C, NFB-6; D, NFB-9. Scale bar: 1 mm (see 
figure 3 for abbreviations). 
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sc 
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sc 
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sc 
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1 cl 


8 

sr 

rl 






sc 


3/6 


0/6 

0/6 

1/6 


3/6 

5/6 



6/6 


1/6 


0/6 3/6 


5th whorl 

_ C-R 

- 4.0 

- 9.6 

- 13.1 

- 14.1 

- 17.0 

- 25.8+ 

_ 26.1 

- 29.0 


5th whorl 

_ C-R 

~1 2.0 
I 3.7 

-1 3.8 


7.8 

23.2 

23.5 

30.1 


Fig. 6. — Eochionelasmus ohtai, shell arrangements in specimens from North Fiji, Lau and Manus Basins. The first two whorls of the 
imbricating plates in all three populations are same and are therefore omitted. The first appearance of sr', rl’, I 2 , cl 1 and sc', from the 
third to fourth whorls in each specimen is shown. Superscripts are included in the figure only where essential. Shade, no plates of 
the whorl present; —, some r and/or c plates present; boldface, appeared; specimens in box which have no plates of the whorl or 
lack a part of imbricating plates did not count the first appearance of sr', rl', I 2 , cl' and sc’ (see table 3 for summary). 
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Table 3. — Comparison of the frequencies of the first appearan¬ 
ce of imbricating plates sr, rl\ I 2 , cl 1 and sc in the 3rd and 4th 
whorls from the North Fiji (NFB), Lau (LB) and Manus (MB) 
Basins. The denominator = number of specimens sufficiently 
complete to make the comparison and the numerator = number 
of specimens in which the plates have appeared on either the 
right or left side. 



Loc. 

3rd whorl 

4th whorl 

sr 

NFB 

2/10 

(20%) 

4/10 

(40%) 


LB 

4/8 

(50%) 

4/8 

(50%) 


MB 

3/6 

(50%) 

1/6 

(17%) 

rl 1 

NFB 

4/10 

(40%) 

6/10 

(60%) 


LB 

4/8 

(50%) 

4/8 

(50%) 


MB 

6/6 

(100%) 

0/6 

(0%) 

I 2 

NFB 

0/10 

(0%) 

5/10 

(50%) 


LB 

1/8 

(13%) 

4/8 

(50%) 


MB 

0/6 

(0%) 

3/6 

(50%) 

cl 1 

NFB 

1/10 

(10%) 

9/10 

(90%) 


LB 

4/8 

(50%) 

4/8 

(50%) 


MB 

1/6 

(17%) 

3/6 

(50%) 

sc 

NFB 

1/10 

(10%) 

8/10 

(80%) 


LB 

0/8 

(0%) 

7/8 

(88%) 


MB 

0/6 

(0%) 

5/6 

(83%) 


NFB-1, 2 and 3 had yet to develop imbricating 
plates and NFB-10 was too damaged to be useful 
in determining the order of appearances. This 
leaves seven specimens that had completed the 
fourth whorl of imbricating plates. Because 
NFB-4, 5 and 7 have no plates marking the fifth 
whorl, their fourth whorls may not have been 
complete. Flowever, being incomplete would 
simply lower the frequency of appearance of cer¬ 
tain plates, and since generally at least half the 
plates expected are present, the difference would 
not be appreciable. 

If one normalizes the data by calculating the per¬ 
centages at which the plates appear in the third 
and fourth whorls (Table 3; percentages may not 
add up to 100% because some of the plates occa¬ 
sionally appear after the fourth whorl), it will be 
observed that for the ten NFB individuals, the 
frequencies are: sr 1 20-40 %, rl 1 40-60%, l 2 
0-50%, cl 1 10-90%, and sc 1 10-80%. Thus, 
these plates are more likely to fall in the fourth 
than in the third whorl, and the variability 
appears to be greater in the rostral than in the 
carinal half of the shell. How does this compare 
to the Lau and Manus populations (Table 3)? 

It can be observed that, of the eight individuals 
from Lau, the frequency of occurrence in the 
third and fourth whorls for sr 1 , rl 1 and cl 1 is 


50-50%, for l 2 13-50%, and for sc 0-88%. Thus, 
these plates are as likely or more likely to fall in 
the fourth than in the third whorl, with the 
variability again somewhat greater in the rostral 
half of the shell. While these frequencies are not 
considered to be substantially different from 
those encountered in the NFB population, that 
cl 1 have a frequency of 50-50% rather than 
10-90% is a potential difference that will need to 
be watched, should more material become avail¬ 
able. 

It will be observed that in the six individuals 
available from Manus apparently having comple¬ 
te third and fourth whorls, the appearance of sr 1 
is 50-17%, rl 1 100-0%, l 2 0-50%, cl 1 17-50%, 
and sc 0-83%. While variability again appears to 
be greatest in the rostral half of the shell, it needs 
to be noted that rl 1 has an unprecedented fre¬ 
quency of 100-0% while in the other popula¬ 
tions it was distributed approximately 50-50 
between the third and fourth whorls. So, if we 
assume that the probability of rl 1 occurring in 
the third or fourth whorl is 0.5 in the NFB/Lau 
populations, then the probability of its occurring 
in the third whorl alone in all six individuals 
from the Manus population is 0.015; e.g., unli¬ 
kely due to chance alone. Therefore this diver¬ 
gent configuration is considered an important 
taxonomic character. 

A generalized arrangement for the basal imbrica¬ 
ting plates 

There are as many as eight whorls of basal imbri¬ 
cating plates in Eochionelasmus. The first (r 1 , l 1 , 
c 1 ) and second (three r 2 and c 2 ) whorls are arran¬ 
ged in the same way in all populations known to 
date. However, beyond the second whorl, the 
pattern not only becomes very complex but quite 
variable, probably owing to crowding and/or to 
the uneven substratum. 

In the previous section, the arrangement of the 
basal imbricating plates of the third to fourth 
whorls of various ontogenetic stages was used to 
compare individuals both within a population 
and between populations (Fig. 6; Table 3). It was 
observed that individuals having a complete or 
almost complete shell, such as NFB-7, 9, 12, 13 
and A, had few variations and were bilaterally 
symmetrical. From such forms a generalized 
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arrangement of basal imbricating plates was 
deduced, as follows: the third whorl of imbrica¬ 
ting plates generally consists of six r 3 and six c 3 
plates; e.g., twelve rather than ten plates as pre¬ 
viously believed ( cf. Fig. 2A, B). They appear, 
with minor variations, at the sutures between the 
primary wall and the previous imbricating plates, 
or only at the sutures of the imbricating plates of 
the preceding whorls (Figs 2, 3). Furthermore, 
while sr>, rl 1 or cl 1 usually appear in the fourth 
whorl, one or more may appear in the third 
whorl, in which case they replace the r 3 and/or c 3 
plates that were expected to appear there. This 
pattern of variation in plate arrangement is 
found in the holotype (NFB-A) and NFB-7. 

The fourth whorl also generally consists of six 
r 4 ’s and six c 4 ’s plus five additional plates; sr, rl 1 , 
l 2 , cl 1 and sc. The distribution of the /‘s and c 4 ’s 
is uneven however; e.g., rl 1 and cl 1 are divided in 
4-2 and 1-5, respectively. Furthermore, due to 
spaces between the r 3 ’s and c 3 ’s of the previous 
whorl, r^’s and cTs not only tend to double up 
but even to cover sutures between plates of the 
second and third whorls rather than just of the 
third whorl alone. For example, two /‘s occupy 
the space between the two r 3 s adjacent to the 1 
tier, and there are two similar pairing among the 
c 4 ’s. From these considerations, a generalized 
arrangement of the imbricating plates for 
Eochionelasmus ohtai from North Fiji Basin was 
deduced (Figs 2B, 3). This gave us a point of 
reference to which different populations could be 
compared. 

Maturity and SEXUALITY OF Eochionelasmus 
from the North Fiji Basin 

There is little known about the reproduction of 
deep-sea hydrothermal vent barnacles. 
Information on sexual maturity or on the repro¬ 
ductive cycle was not obtained in the morpholo¬ 
gic analysis. As mentioned above, only one of the 
237 individuals (STARMER II, Dive 10, North 
Fiji Basin) was brooding eggs in the mantle cavi¬ 
ty. Its R-C and CL diameters were 14.2 X 
11.9 mm, but it was lacking some imbricating 
plates near the rostrum and therefore was likely a 
little longer. Nevertheless, individuals of 14 mm 
or larger in the R-C diameter are likely functio¬ 
nal hermaphrodites. No complemental males 


Table 4. — Egg size in specimen of Eochionelasmus ohtai ohtai 
from North Fiji Basin (in mm). 


0.27 

X 

0.45 

0.27 x 

0.46 

0.28 

X 

0.46 

0.28 

X 

0.46 

0.28 x 

0.47 

0.28 

X 

0.49 

0.28 

X 

0.49 

0.29 x 

0.45 

0.29 

X 

0.49 

0.30 

X 

0.44 

0.30 x 

0.45 

0.30 

X 

0.45 

0.30 

X 

0.45 

0.30 x 

0.45 

0.30 

X 

0.46 

0.30 

X 

0.46 

0.30 x 

0.47 

0.30 

X 

0.47 

0.30 

X 

0.48 

0.30 x 

0.49 

0.30 

X 

0.49 

0.30 

X 

0.49 

0.30 x 

0.50 

0.31 

X 

0.47 

0.31 

X 

0.50 

mean: 

0.293 x 0.470 




have been observed, such as in 

Chionelasmus 


(Flui & Moyse 1984; Yamaguchi & Newman 
1990). 

EGGS OF Eochionelasmus ohtai FROM THE NORTH 
Fiji Basin 

Eggs have been found in the mantle cavity of 
Neolepas zevinae (Newman 1979: 158; 0.3 X 
0.5 mm in size), Neoverruca brachylepadoformis 
(Newman & Hessler 1989: 265; 0.25 X 0.5 mm) 
and Neolepas rapanuii (Jones 1993: 939; 0.3 X 
0.5 mm). Eggs of the individual E. ohtai noted 
above occurred in a pair of saucer-shaped ovige- 
rous lamellae. There were seventy-seven eggs in 
the left ovigerous lamella, and, therefore, it is 
estimated that the number of eggs is approxima¬ 
tely 150 in all. The egg size ranged from 0.27 to 
0.31 mm in width (mean, 0.29 mm) and from 
0.5 to 0.44 mm in length (mean, 0.47 mm) 
(Table 4), essentially the same size as those of 
other vent barnacles. While this egg-bearing 
individual was but one among 236 barren indivi¬ 
duals, three of the five individuals of Neoverruca 
examined were brooding (Newman & Hessler 
1989). Whether or not the eggs were held in 
place by ovigerous frena, as in most pedunculate 
barnacles, Neoverruca, and Catophragmus s.l. has 
not been confirmed in Chionelasmus, 
Waikalasma or Eochionelasmus. 

The study of eggs and larvae of the hydrothermal 
vent animals is very important to our understand¬ 
ing of their dispersal capabilities. However, little 
evidence is available (Lutz 1988). The large eggs 
of the vent barnacles, and the large but likely 
non-feeding nauplii of N. rapanuii described by 
Jones (1993) suggests that they have non- 
planktotrophic larvae, as does the giant clam 
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Calyptogena magnified from the Galapagos Rift 
(Berg & Turner 1980). Since this barnacle had 
few but large size of eggs, it is likely that it has 
lecithotrophic larvae (Barnes 1989), but unfortu¬ 
nately, no nauplii or cyprids were found in any 
of the Eochionelasmus examined. 

Mouth parts op Eochionelasmus FROM THE 
North Fiji Basin 

The mouth parts are essentially the same as des¬ 


cribed for the type from the North Fiji Basin, 
except for the less specialized second and third 
teeth of mandible in the youngest stages, and 
they closely resemble those of the other hydro- 
thermal barnacles: Neolepas, Neoverruca and 
Neobrachylepas. 

In adults, the mandible has a cutting edge provid¬ 
ed with a pointed superior tooth followed by 
three low teeth, each of which, like the inferior 
angle, supports a single row or comb of Fine, 



Fig. 7. — Eochionelasmus ohtai ohtai from the North Fiji Basin: A-G, mandibles and first maxillae; A, right mandible of specimen 
NFB-1; B, left first maxilla of NFB-1; C, right first maxilla of NFB-4; D, right mandible of NFB-6; E, right first maxilla of NFB-6; F, right 
mandible of NFB-9; G, right first maxilla of NFB-9. The mandible of NFB-4 was missing. Scale bar: 0.1 mm. 
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Table 5. — Eochionelasmus ohtai ohtai from the North Fiji Basin, size and ratios of the specimen. aL/pL, ratios of the lengths of the 
anterior and posterior rami of cirrus I; L/W, ratios of the lengths and widths of the 12th, 20th, 30th, 40th, 50th and 60th articles of cir¬ 
rus VI with in parenthesis, the number of pairs of setae per article of cirrus VI; articles missing; R-C, rostrum-carina diameter 
(in mm). Article indicated in [ ] when designated article was broken off. 


aL/pL L/W of articles of C VI Size 



Cl 

12th 

20th 

30th 

40th 

50th 

60th 

R-C 

NFB-1 

2.4 

2.2 (3) 
[11th] 

- 

- 

- 

- 

- 

2.4 

NFB-4 

2.7 

1.2 (3) 

2.1 (4) 
[19th] 





4.7 

NFB-6 

2.5 

0.8 (3) 

1.1 (4) 

1.8(5) 

2.3 (4) 

2.7 (4) 

3.6 (3) 

7.4 

NFB-B 

2.8 

0.8 (4) 

1.1 (5) 

1.5 (6) 

1.8(6) 

2.1 (6) 

2.9 (3) 

9.5 

NFB-9 

3.3 

0.8 (3) 

1.1 (4) 

1.3 (4) 
[27th] 


— 

— 

12.1 + 

NFB-A 

2.8+ 

0.7 (4) 

1.1 (6) 

1.4 (7) 

1.7(7) 

2.4 (8) 

2.6 (6) 

14.3 

NFB-C 

2.6+ 

0.7 (5) 

1.0(7) 

1.3 (8) 

1.5 (8) 

1.9 (7) 

2.1 (7) 

19.5 


sharp spines. However, in juveniles, the second 
and third teeth are pointed and divided into but 
a few spines, and therefore they look more like 
those of ordinary deep-sea thoracicans. The length 
of the superior margin of the second and third 
teeth in juveniles grows more rapidly than the 
inferior margin, and it becomes more spinous as 
it does so, and this produces the form seen in the 
adult (Fig. 7A, D, F). The relatively generalized 
second and third teeth of the mandible are also 
found in the smallest specimens of LAU-1 and 
MANUS-1 from the Lau and Manus Basins, res¬ 
pectively (Fig. 10C, D). A similar ontogenetic 
change, from generalized to specialized, was also 
seen in certain chthamalids (Pope 1965). 

In the first maxillae, the number of spines on 
cutting edge increases with growth (Fig. 7B, C, 
E, G), but a marked change does not occur in 
them or in the other mouth parts. 

Cirri and caudal appendages of 

Eochionelasmus FROM THE NORTH Fiji BASIN 
The delicate cirri have long, slender, multiarticu- 
late rami clothed with fine setae. The rami of 
first pair are unequal, the anterior being the long¬ 
est and antenniform. The ratios of lengths of the 
anterior and posterior rami of cirrus I are shown 
in table 5. The second and following pairs have 
long, slender, subequal rami and ctenopod seta- 
tion. The proximal articles in the second and the 
following pairs are wider than high and support 
one or two pairs of setae, while the distal articles 
are more than twice as long as wide and each 



ABODE F G 


Fig. 8. — Shape and number of pairs of setae in the 12th, 20th, 
30th, 40th, 50th, 60th and 70th articles of anterior ramus of the 
cirrus VI in specimen A, NFB-1; B, NFB-4; C, NFB-6; D, NFB-9; 
E, type specimens of NFB-B; F, type specimens of NFB-A; 
G, type specimens of NFB-C. The number within each figure 
corresponds with the number of pairs of setae. In cases of lac¬ 
king where the appropriate article was the next available article, 
indicated by its numbers, was used. Scale bar: 0.1 mm. 
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Table 6. — Eochionelasmus ohlai ohlai from North Fiji Basin. Number of articles of the right anterior (R:a), right posterior (R:p), left 
anterior (L:a), and left posterior (L:p) rami of cirri l-VI and caudal appendages (c.a.); R-C x CL, rostrum-carina and carinolateral dia¬ 
meters (in mm), respectively. 





Number of articles of cirri 


c.a. 

R-C x CL 

Remarks 



1 

II 

III 

IV 

V 

VI 




NFB-1 

R:a 

8 

5 

6 

11 

13+ 

12+ 

(4) 

2.4 x 2.0 

no penis 


R:p 

4 

4 

9 

15+ 

17+ 

13+ 





L:a 

9 

5 

6 

11 + 

12+ 

12+ 

(6) 




L:P 

4 

4 

8 

10+ 

11 + 

14+ 




NFB-4 

R:a 

13 

11 

18 

19+ 

20+ 

19+ 

(10) 

4.7 x 4.2 

penis tiny 


R:p 

5 

13 

18+ 

19+ 

20+ 

23+ 





L:a 

13 

9 

18 

20+ 

19+ 

20 

(10) 




L:p 

5 

13 

20+ 

17+ 

19+ 

22+ 




NFB-6 

R:a 

18 

16+ 

30 

45 

44+ 

61 

(13) 

7.4 x 6.4 

penis small 


R:p 

6 

24+ 

33 

47 

45+ 

46+ 





L:a 

18 

21 + 

24+ 

27+ 

22+ 

20+ 

(14) 




L:p 

6 

22+ 

23+ 

22+ 

22+ 

25+ 




NFB-B 

R:a 

21 

33 

37 

51 

55 

60 

(16) 

(First Paratype) 

penis long 










9.5 x 8.1 



R:p 

6 

36 

46 

58 

56 

68 





L:a 

22 

30 

34 

1 + 

30+ 

57 

(12+) 




L:p 

6 

30+ 

37 

1 + 

56 

61 




NFB-9 

R:a 

20 

17+ 

20+ 

22+ 

23+ 

27+ 

(15) 

12.1+x 8.2 

penis long 


R:p 

6 

21 + 

22+ 

22+ 

23+ 

23+ 





L:a 

17 

20+ 

26+ 

32+ 

31 + 

24+ 

(15+) 




L:p 

5 

17+ 

27 

33+ 

25+ 

26+ 




NFB-A 

R:a 

22+ 

32+ 

44 

26+ 

68+ 

60+ 

(16) 

(Holotype) 

14.3x12.7 

penis long 


R:p 

7 

22+ 

47 

60+ 

21 + 

70+ 





L:a 

16+ 

25+ 

44 

62 

64+ 

35+ 

(17) 




L:p 

7 

33+ 

49 

62 

71 + 

48+ 




NFB-C 

R:a 

15+ 

32+ 

43 

62 

66+ 

73+ 

(16) 

(Second Paratype) 

penis long 










20.4 x 13.7 



R: P 

8 

28+ 

51 

67 

74 

68+ 





L:a 

22+ 

18+ 

37+ 

47+ 

29+ 

23+ 

(16+) 




L ; P 

7 

44 

28+ 

69 

75+ 

65+ 





supports three to eight pairs of setae along its les¬ 
ser curvature (Fig. 8, Table 5). The number of 
articles for the rami of the cirri and caudal 
appendages are given in table 6. 

The cirri were examined in seven individuals of 
different sizes in order to determine how they 
changed with growth. The seven individuals 
include the holotype and two paratypes of 
E. ohtai and they range from 2.4 mm to 
19.5 mm in the R-C diameter (Tables 2, 6). Two 
of the type specimens are the largest and one is 


the fourth largest (9.5 mm) of the seven indivi¬ 
duals examined. 

In cirrus I, the anterior ramus is from 2.4 to 
3.3 times as long as the posterior ramus (Table 5, 
cf. Tables 7, 9). Even the number of segments of 
the anterior ramus of cirrus I is from 2 to 
3.6 times greater than for the posterior ramus 
(Table 6). The ratios, for the length and the 
number of articles of the anterior and posterior 
ramus in cirrus I, increase with growth. In com¬ 
parison with the smallest (NFB-1), the ratios for 
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the increase in number of articles for the largest 
(NFB-C) examined are X 3 for the anterior and 
X 2 for the posterior ramus (Table 6). 

The remaining five pairs of cirri of Eochio- 
nelasmus are almost equal in the number of 
articles and in the length of each ramus, though 
there is considerable variation in both. The num¬ 
ber of articles and the length of the rami of the 
posterior cirri also increase with growth of shell. 
The number of articles in the largest was five 
times that found in the smallest individual 
(Table 6). Individuals smaller than the NFB-B 
show marked increases with growth of these two 
characters. However, the number of articles of 
the cirri do not increase markedly with growth in 
individuals larger than the NFB-B (9.5 X 
8.1 mm) nor does the length of penis. Therefore, 
individuals larger than approximately 10 mm in 
R-C diameter, rather than 14 mm or so, may be 
reproductively active at least as males. 

The unequal rami of cirrus I mentioned above are 
characteristic of and apparently distinguished 
Eochionelasmus from other vent barnacles, for the 
rami of their cirrus I are almost equal in length 
and number of articles. While the number of 
articles of cirrus I in other vent barnacles is sub¬ 
stantially greater than in young specimens of 
Eochionelasmus from the North Fiji Basin, the 
number is nearly equal to that of cirrus I in large 
specimens of Eochionelasmus. It is assumed that in 
other vent barnacles the number of articles in the 
cirri also increases with growth and, therefore, 
young individuals of other vent barnacles likely 
have a small number of articles in the posterior 
rami of cirri I. 

The unequal rami of cirrus I, and the equal 
number of articles and subequal length of the 
rami of the remaining pairs of cirri are also cha¬ 
racteristic of Eochionelasmus from the Lau and 
Manus Basins. Therefore, as with the mouth 
parts, E. ohtai of the North Fiji Basin cannot be 
distinguished from Eochionelasmus of the Lau 
and Manus Basins by the nature of the cirri, even 
though these three basins are relatively isolated 
from each other (see next section). 

While nature of cirri of Eochionelasmus apparent¬ 
ly does not differ significantly from that of other 
vent barnacles, except for cirri I, there is no 
information on changes with growth for them. 


The rami of cirrus III to VI are essentially equal 
in the number of articles and in length in all 
three forms, as they are for cirrus I in other vent 
barnacles. However, in Eochionelasmus the rami 
of cirrus I are unequal in number of articles and 
in length. As for cirrus II, while that of Neolepas 
and Eochionelasmus has subequal rami and num¬ 
bers of articles, that of Neoverruca has unequal 
rami and numbers of articles. 

The caudal appendages of those specimens of 
Eochionelasmus examined ranged from six to 
seventeen articles (Table 6). Like the cirri, the 
number of articles also increase with growth. In 
other vent barnacles the caudal appendage are 
rudimentary. 

PENIS OF Eochionelasmus FROM THE NORTH Fiji 
Basin 

In the smallest individual examined (NFB-1: 
2.4 X 2.0 mm in R-C and CL diameters) no 



Fig. 9. — Ontogenetic growth of penis; A, NFB-4, a tiny penis is 
found at the base of the protopod of cirrus VI; B, NFB-6; C, 
NFB-9; D, paratype (UMUT-RA18632), specimens from the 
North Fiji Basin. No penis was found in NFB-1 specimen. Scale 
bar: 0.1 mm. 
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Table 7. — Eochionelasmus ohtai ohtai from Lau Basin, size and ratios of the specimen. aL/pL, ratios of the lengths of the anterior 
and posterior rami of cirrus I; L/W, ratios of the lengths and widths of the 12th, 20th, 30th, 40th and 50th articles of cirrus VI with, in 
parenthesis, the number of pairs of setae per article of cirrus VI; -, articles missing; R-C, rostrum-carina diameter (in mm). Article 
indicated in [ ] when designated article was broken off. 


AL/pL L/W of articles of C VI Size 



Cl 

12th 

20th 

30th 

40th 

50th 

R-C 

LAU-1 

2.3 

2.0 (2) 

2.2 (2) 

_ 

_ 

_ 

4.0 

LAU-2 

2.4 

0.9 (3) 

1.6 (6) 

2.3 (5) 

- 

- 

7.6 

LAU-3 

2.9 

0.8 (3) 

1.2 (5) 

1.8 (6) 
[29th] 

— 

— 

13.1 

LAU-5 

2.7 

0.6 (4) 

0.8 (5) 

1.3 (7) 

2.1 (8) 

[41 st] 

1.6 (5) 

17.0 

LAU-8 

2.7 

0.5 (4) 

0.7 (5) 

1.0 (7) 

1.2 (8) 

1.6 (7) 

29.0 


Table 8. — Eochionelasmus ohtai ohtai from Lau Basin. Number of articles of the right anterior (R:a), right posterior (R:p), left ante¬ 
rior (L:a) and left posterior (L:p) rami of cirri l-VI and caudal appendages (c.a.); R-C x CL, rostrum-carina and carinolateral diame¬ 
ters (in mm), respectively. 



1 

Number of articles of cirri 

II III IV V 

VI 

c.a. 

R-C x CL 

Remarks 

LAU-1 

R:a 

12 

11 

10 

16 

14+ 

23 

0) 

4.0 x 3.7 

penis tiny 


R;p 

5 

14+ 

10 

13+ 

18+ 

24 





L:a 

12 

9 

17 

15 

22 

24 

(7+) 




L:p 

5 

14 

20 

18 

23 

23 




LAU-2 

R:a 

14 

21 

24 

22+ 

17+ 

19+ 

(12) 

9.6 x 7.6 

penis long 


R ; P 

6 

18 

29 

31 

21 + 

19+ 





L:a 

17 

24 

28 

38 

38 

38 

(13) 




L:p 

7 

28 

26 

37 

47 

37 




LAU-3 

R:a 

21 

21 + 

32 

42 

42 

29+ 

(14) 

13.1 x 10.5 

penis long 


R;p 

6 

21 + 

37 

43 

26+ 

33+ 





L:a 

21 

22+ 

21 + 

24+ 

33+ 

33+ 

(15) 




L:p 

6 

23+ 

26+ 

28+ 

34+ 

34+ 




LAU-5 

R:a 

23 

36 

3+ 

36+ 

51 

56+ 

(15) 

17.0 x 16.7 

penis long 


R: P 

7 

42 

13+ 

27+ 

33+ 

43+ 





L:a 

23 

26+ 

42 

31 + 

31 + 

20+ 

(16) 




L:p 

7 

38 

27+ 

38+ 

52 

63+ 




LAU-6 

R:a 

27 

27+ 

24+ 

63+ 

50+ 

69+ 

(18) 

25.8+ x 27.2 

penis long 


Rip 

8 

31 + 

38+ 

47+ 

69 

59+ 





L:a 

26 

36 

31 + 

60 

81 

61 + 

(20) 




Lip 

7 

31 + 

32+ 

59+ 

72+ 

57+ 




LAU-7 

R:a 

25 

37 

45 

44+ 

66 

73 

(16) 

26.1 x 17.9+ 

penis long 


Rip 

7 

47 

26+ 

55 

69 

70 





L:a 

26 

27+ 

6+ 

57 

40+ 

66 

(16) 




Lip 

6 

43 

48 

62 

65 

48+ 




LAU-8 

R:a 

22 

25 

45 

57 

64 

56+ 

(17) 

29.0 x 20.5 

penis long 


Rip 

7 

33 

54 

62 

55+ 

70 





L;a 

24 

30 

39 

50+ 

23+ 

74 

(16+) 




Lip 

7 

38 

46 

54+ 

65 

72 
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penis was found between the pedicles of cirri VI. 
A tiny penis (0.1 mm in length) was found in 
specimen NFB-4 (Fig. 9A: 4.7 X 4.2 mm in R-C 
and CL diameters) and in specimen NFB-6 
(Fig. 9B: 7.4 X 6.4 mm in R-C and CL diame¬ 
ters) the penis was about 0.6 mm, or as long as 
the posterior rami of cirrus I. Finally, specimen 
NFB-9 (Fig. 9C: 12.1 X 8.2 mm in R-C and CL 
diameters) had a penis about 7 mm in length, 
again as long as the anterior rami of the cirrus I. 
As mentioned in the section on sexual maturity, 
the specimen brooding eggs was around 14.2 X 
11.9 mm in R-C and CL diameters. Therefore, 
although eggs were not found in the mantle cavi¬ 
ty of a specimen of comparable size (NFB-9), its 
penis was apparently functional and therefore it 
was probably mature. 

Eochionelasmus FROM THE LAU AND 
MANUS BASINS 

Eochionelasmus from THE Lau Basin 
Eight individuals of Eochionelasmus from station 
BL12 in the Lau Basin were studied. The small¬ 
est and the largest were 4.0 X 3.7 mm and 29.0 X 
20.5 mm in R-C and CL diameters, respectively 
(Fig. 9, Table 1). The regression line between CL 
(y) and R-C (x) diameters is y = 0.79 x + 0.95 
and the correlation coefficient (r) is 0.937. Thus, 
the specimens from the Lau Basin closely 
resemble the regression line for those from the 
North Fiji Basin (Fig. 4: y = 0.88 x + 0.0004, r = 
0.967), as well as in the characteristics of the 
shell, in corroboration of “Spiveys Law” for spe¬ 
cies of Balanus\ e.g. every species has its own 
shape (Spivey 1989). 

Besides shell size and form, the opercular plates, 
the primary wall plates, and the basal imbricat¬ 
ing plates, are essentially the same in morphology 
and arrangement as those of the E. ohtai from 
the North Fiji Basin. The sr, rl 1 , l 2 , cl 1 and sc 
plates appear in the third whorl in 50, 50, 13, 50 
and 0% individuals and in the fourth whorl in 
50, 50, 50, 50 and 83%, respectively. Therefore, 
by the fourth whorl 100, 100, 100, 100 and 
83% of the individuals have gained these respec¬ 
tive plates (Fig. 5, Table 3). Since sr, rl 1 and cl 1 
generally appear in the fourth whorl in the 


North Fiji Basin population, it is remarkable that 
they have appeared in half of eight specimens 
from Lau. 

As for the mouth parts, there is no notable diffe¬ 
rence between those from the North Fiji and Lau 
Basins populations (Fig. 10). The second and 
third teeth of the mandible in the smallest dissec¬ 
ted specimen (LAU-1, Fig. 10C) have very few 
and very fine comblike spines as does the small¬ 
est individual from the North Fiji Basin and 
from the Manus Basin (Fig. 11D). With regard 
to the cirri, as already noted, the number of 
articles increases with growth (Tables 7 and 8). 
Generally speaking, when individuals of same 
sized from Lau and North Fiji Basins are compa¬ 
red, such as NFB-4 (4.7 x 4.2 mm) and LAU-1 
(4 X 3.7 mm), NFB-B (9.5 X 8.1 mm) and 
LAU-2 (9.6 X 7.6 mm), and NFB-9 (12.1+ X 
8.2 mm) and LAU-3 (13.1 X 10.5 mm), the 
number of articles, while similar, is slightly less 
in the specimens from the Lau Basin. Otherwise, 
no morphological difference between the cirri of 
these two populations were found. 

The number of articles of the caudal appendages 
range from nine to twenty, a greater range than 
for the North Fiji Basin population. However, 
when same sized individuals were compared, the 
number was almost the same. Therefore, there 
appear to be no significant difference between 
these two populations, in any of the characters 
examined, and therefore it is concluded that they 
represent the same species. 

Eochionelasmus FROM THE MANUS BASIN 
Seven individuals of Eochionelasmus from the 
Manus Basin were studied. The smallest and lar¬ 
gest individuals were 2.0 X 1.7 mm and 23.8 X 
25.0 mm in R-C and CL diameters, respectively 
(Fig. 11, Table 1). The regression line between 
the CL (y) and R-C (x) diameters is y = 0.93 x 
+ 0.12 and the correlation coefficient (r) is 
0.973. Thus, the Manus Basin regression is simi¬ 
lar to that of the North Fiji Basin population 
(y = 0.88 x + 0.0004, r = 0.967). The specimens 
from the Manus Basin also closely resemble those 
of E. ohtai from the North Fiji Basin in the mor¬ 
phology of their opercular plates, the primary 
wall plates and the basal imbricating plates. 

As for the mouth parts and cirri I and II, there is 
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Table 9. — Eochionelasmus ohtai ohtai from Lau Basin, size and ratios of the specimen. aL/pL, ratios of the lengths of the anterior 
and posterior rami of cirrus I; L/W, ratios of the lengths and widths of the 12th, 20th, 30th, 40th, 50th and 60th articles of cirrus VI 
with, in parenthesis, the number of pairs of setae per article of cirrus VI; -, articles missing; R C, rostrum-carina diameter (in mm). 
Article indicated in [ ] when designated article was broken off. 


aL/pL L/W of articles of C VI Size 



Cl 

12th 

20th 

30th 

40th 

50th 

60th 

R-C 

MANUS-1 

2.4 

2.5 (3) 

_ 

_ 

_ 

_ 

_ 

2.0 

MANUS-4 

2.6 

- 

- 

- 

- 

- 

- 

4.8 

MANUS-5 

2.5 

0.9 (3) 

1.7 (4) 

[21 st] 

2.3 (4) 

_ 

_ 

— 

7.4 

MANUS-6 

4.0 

0.6 (4) 

0.8 (6) 

1.0(7) 

1-2 (8) 

1.6 (9) 

2.0 (9) 

23.2 


[51st] 


Table 10. — Eochionelasmus ohtai manusensis n.ssp. from Manus Basin. Number of articles of the right anterior (R:a), right poste¬ 
rior (R:p), left anterior (L:a) and left posterior (L:p) rami of cirri l-VI and caudal appendages (c.a.); R-C x CL, rostrum-carina and 
carinolateral diameters (in mm), respectively. 




1 

Number of articles of cirri 

II III IV V 

VI 

c.a. 

R-C x CL 

Remarks 

MANUS-1 

R:a 

8 

5 

6+ 

5+ 

5+ 

14+ 

(5+) 

2.0 x 1.7 

no penis 


R;p 

4 

4 

5+ 

5+ 

30 

6+ 





L:a 

8 

5 

6+ 

12 

22+ 

+ 

(5+) 




L:p 

4 

5 

6 

5+ 

7+ 

+ 




MANUS-3 

R:a 

11 

10 

9+ 

9+ 

8+ 

9+ 

(9+) 

3.7 x 3.6 

no penis 


R: P 

5 

10 

6+ 

8+ 

10+ 

9+ 





L:a 

11 

6 

9+ 

12+ 

10+ 

10+ 

(10+) 




L:p 

5 

10 

13+ 

11 + 

10+ 

11 + 




MANUS-4 

R:a 

12 

1 + 

2+ 

1 + 

1 + 

1 + 

(4+) 

4.8 x 4.0 

no penis 


R;p 

5 

3+ 

3+ 

1 + 

1 + 

1 + 





L:a 

14 

12 

3+ 

4+ 

3+ 

1 + 

(6+) 




L:p 

5 

1 + 

2+ 

6+ 

6+ 

1 + 




MANUS-5 

R:a 

17 

12+ 

11 + 

16+ 

19+ 

32+ 

(14) 

7.4 x 6.2 

penis small 


R:p 

6 

13+ 

22+ 

17+ 

20+ 

19+ 





L:a 

15 

12+ 

26 

18+ 

28+ 

20+ 

(13) 




L:p 

6 

14+ 

16+ 

19+ 

32+ 

20+ 




MANUS-6 

R:a 

30 

45 

60 

68+ 

73+ 

68+ 

(12+) 

23.2 x 25.0 

penis long 


R:p 

7 

41 

52 

64 

73+ 

80+ 





L:a 

27 

37+ 

42+ 

75 

86+ 

86 

(18) 




L:P 

7 

42 

52+ 

52+ 

76+ 

8+ 




MANUS-7 

R:a 

17+ 

30 

29+ 

41 + 

64+ 

54+ 

(16) 

23.5x25.0 

penis long 


R:p 

6 

33 

44+ 

54+ 

68+ 

76+ 





L:a 

27 

35 

40 

59+ 

60+ 

62+ 

(16) 




L:p 

7 

35+ 

51 

40+ 

52+ 

69+ 




MANUS-8 

R:a 

32 

44+ 

46 

66 

70 

79 

(18) 

30.1 x 23.8 

penis long 


Rp 

7 

45 

50 

73 

82 

51 + 





L:a 

32 

44 

50 

60 

70 

78 

(18) 




L:p 

8 

38 

47 

76 

84 

65+ 
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no notable difference between the North Fiji and 
Lau Basins (Fig. 10). The mandible (Fig. 11D) 
of the smallest individual in the dissected speci¬ 
mens has same morphological characteristics as 
found in the smallest individual from the Manus, 
North Fiji and Lau Basins. Though more than 
half of the seven individuals examined lack tips 
of cirri 111 to V, the number of articles in the few 
complete cirri are in the observed ranges for the 
specimens from the North Fiji Basin. As for the 
complete caudal appendages observed in half 
specimens, the number of articles is essentially 
the same as for those from the North Fiji Basin 
(Tables 9, 10). Furthermore, there is no notable 
difference in the ratio of length and width of the 
articles of the cirri, in the number of spines per 
article, or in the nature of mouth parts between 
the populations from the North Fiji and Manus 
Basins, as might be expected since they are likely 
eating very much the same thing. 

The sr, rl 1 , l 2 , cl 1 and sc plates appear in the 
third whorl of 50, 100, 0, 17 and 0% of the 
individuals, and in the fourth whorl of 17, 0, 50 
50 and 83%, respectively. Therefore, by the 
fourth whorl 67, 100, 50, 67 and 83% of the 
individuals have gained these plates, respectively 
(Fig. 5, Table 3). Since sr, rl 1 and cl 1 generally 
appear in the fourth whorl in the North Fiji 
population, it is very remarkable that rl 1 has 
appeared in the third whorl in all individuals of 
the six specimens from Manus. No notable diffe¬ 
rence in the order in which the other imbricating 
plates appeared was found. 

DISCUSSION 

Relationship between the Eochionelasmus 
POPULATIONS FROM THE NORTH Fiji, LAU AND 

Manus Basins 

Unless endowed with excellent dispersal capabi¬ 
lities, one might expect that these three relatively 
isolated deep-sea hydrothermal vent populations 
would have speciated. However, despite the 
variety of morphological attributes investigated 
here, no demonstrable morphological differences 
attributable to the geographical isolation were 
found that could be used to distinguish the three 
isolated populations of the North Fiji, Lau and 


Manus Basins, except the small ontogenetic 
change in the appearance of the pair of rl 1 imbri¬ 
cating plates in the Manus population. 
Morphological species are often subject to ques¬ 
tion, and they can be a problem in accessible 
shallow-water as well as relatively inaccessible 
deep-water populations. To further explore this 
matter, it will likely be necessary to employ 
molecular methods. But until then, it would 
appear that these three remote populations repre¬ 
sent the same species, E. ohtai. However, the dif¬ 
ference in the position of rl 1 does distinguish the 
Manus population from the North Fiji and Lau 
populations, and it is isolated from them by 
approximately 3000 km and 4300 km, respecti¬ 
vely. Therefore, the difference correlates with the 
geographic isolation of the Manus from the 
North Fiji/Lau populations, and this justifies 
designat-ing the Manus population as a subspe¬ 
cies, E. ohtai manusensis n.ssp. 

Dispersal 

For some, interests in the fauna in the deep-sea 
hydrothermal vents has shifted from discovery 
and description of new and often exotic taxa to 
considerations of endemism and dispersal over 
the long-distances between the East Pacific, West 
Pacific and/or Atlantic; i.e. the bresilid shrimp 
(Williams & Rona 1986), bythograeid crabs 
(Hessler & Martin 1989), and copepods of genus 
Stygiopontius (Humes 1987, 1989, 1990). The 
occurrence of closely related species at various 
remote deep-sea hydrothermal vents requires 
long-range albeit infrequent dispersal and/or 
more stepping stones along the mid-ocean ridge 
system, and between them and back-arc basins 
than there are today (Hessler & Lonsdale 1991; 
Tunnicliffe & Flower 1996), and for some surely 
cognate environments such as hydrocarbon and 
brine seeps are involved (Newman 1985; Smith 
etal. 1989). 

Some animals inhabiting the deep-sea hydrother¬ 
mal vents are survivors of higher taxa that origina¬ 
ted in the Mesozoic or Paleozoic that have 
otherwise gone extinct (Barnacles: Newman 1979; 
Newman & Hessler 1989; Yamaguchi & 
Newman 1990; Jones 1993; Newman & Yama¬ 
guchi 1995. True crabs: Newman 1985. Limpets: 
McLean 1981; 1988a, b; 1989a, b. Pectinids: 
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Schein-Fatton 1988). If the present distribution of 
such primitive animals is terms of a 100 million 
years or more, it may be better explained move in 
terms of vicariance and relictism than of dispersal. 

Ecology 

Desbruyeres et al. (1994) reported on the habi¬ 
tats and temperatures where populations of 
Eochionelasmus and a new neolepadine similar to 
Neolepas (pers. obs.) are present in the Lau and 
North Fiji Basins. At the Vai Lili site of the Lau 
Basin, where temperatures reach but did not 
exceed 6 °C, few Eochionelasmus were found. On 
the other hand, along the outside rim of the Vai 
Lili site, where populations of Eochionelasmus 
accompanied by the neolepadine were present, 
temperatures ranged from 2 to 5 °C. At the Hine 
Hina site of the Lau Basin, where the temperatu¬ 
re ranged from 2.5 to 4.5 °C, a population of the 
neolepadine was present, while at two sites domi¬ 
nated by mytilids, the temperature ranged was 
5.3-12.2 °C and 3.7-17 °C (Chevaldonne et al. 
1991). In the South Hine Hina and Momoko 
sites at Lau, the neolepadine was even found at 
sites where no thermal anomaly was detected 
during the sampling period. In the outer portion 
of the White Lady site of the North r 'j: Basin, 
dense communities of Eochionelasmus occured 
with sparse individuals of neolepadine, where 
temperatures ranged from 2.5 to 4 °C 
(Desbruyeres et al. 1994). 

CONCLUSIONS 

In the present study, numerous specimens of 
Eochionelasmus ohtai collected by the French sub¬ 
mersible Nautile from the North Fiji Basin are 
compared with the type specimens of E. ohtai 
from the North Fiji Basin described previously 
by Yamaguchi & Newman (1990). No signifi¬ 
cant difference were found in the morphology of 
shell wall, opercular valves, trophi and cirri bet¬ 
ween these two populations, and they are consi¬ 
dered representative of the same species. 
However, in studying the ontogeny of the basal 
whorl of imbricating plates, it was observed that 
there were a few small differences between what 
was generally observed and the arrangement 


depicted for the type specimen by Yamaguchi & 
Newman (1990). 

The adjusted or generalized pattern stemming 
from these observation was then used for compa¬ 
risons with populations of Eochionelasmus from 
the Lau Basin, Tonga and the Manus Basin, 
Bismarck Archipelago. It was observed that while 
there were minor differences between the North 
Fiji and Lau populations, there was a notable dif¬ 
ference between them and the Manus popula¬ 
tion; e.g. (1) the rl 1 pair of imbricating plates in 
all six specimens from the Manus Basin occurred 
in the third whorl while in the specimens from 
the North Fiji and Lau Basins it occurred there 
in 40 and 50% of the ten and eight individuals 
examined, respectively; and (2) cl 1 appeared in 
all individuals from the North Fiji and Lau 
basins by the fourth whorl while in the Manus 
specimens it appeared in 50% of the individuals 
by the fourth whorl. 

Those differences not only appear to be signifi¬ 
cant but they correlate with the geographic situa¬ 
tion. Therefore, we feel justified in proposing 
that the Manus population be recognized as a 
distinct race or subspecies, Eochionelasmus ohtai 
manusensis n.ssp. 

Only one individual (14.2 X 11.9 mm in R-C X 
CL diameters) of the dozens of mature speci¬ 
mens examined was brooding eggs, about 150 of 
which were divided between two ovigerous 
lamellae. The eggs were essentially of the same 
size as in previously known hydrothermal bar¬ 
nacles of Neolepas zevinae , N. rapanuii and 
Neoverruca brachylepadoformis. The holotype of 
Eochionelasmus is almost of the same size as the 
individual with eggs, and therefore it is conside¬ 
red to be a fully adult individual. 

It was observed that the second and third teeth 
of the mandible in all three populations each 
changed from a point of a few fine spines to a 
long row of comb-like tooth during ontogeny. 
The ontogenetic change corroborates the view 
that the special mandible of Eochionelasmus was 
derived from an ancestor having normal mandi¬ 
bular teeth. 

The morphological resemblance between the 
Manus, North Fiji and Lau populations, which 
are separated by 3000 and 1300 km respectively, 
suggests that they are conspecific; e.g. 
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Eochionelasmus ohtai. If so, this is the first report 
of a vent barnacle species having a range of over 
4300 km. 


SYSTEMATIC DESCRIPTION 

Subclass CIRRIPEDIA Burmeister, 1834 
Superorder THORACICA Darwin, 1854 
Order SESSILIA Lamarck, 1818 
Suborder BALANOMORPHA Pilsbry, 1916 
Superfamily CHIONELASMATOIDEA 
Buckeridge, 1983 

Family Chionelasmatidae Buckeridge, 1983 
Genus Eochionelasmus Yamaguchi, 1990 

Eochionelasmus ohtai manusensis n.ssp. 

MATERIAL. — Eleven individuals (including 6 adults 
and 5 juveniles) were recovered by Russian submer¬ 
sible Mir-2, 1990, Manus Back-Arc Basin, sta¬ 
tion 2255 (3°10’S, 150°17’E), at about 2500 m of 
depth. Eight individuals (including 3 adults and 
5 juveniles) were used in this study. 

Deposition of types. — See table 1. 

Diagnosis 

As for the species (Yamaguchi & Newman 
1990), except that the rl 1 pair of imbricating 
plates appears in the third whorl rather than in 
the fourth whorl as is more commonly the case 
in the North Fiji and Lau Basin populations. 

Description 

As for the species. 
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